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THE  DETERMINATION  OF  ORGANIC  PHOSPHORUS  IN  SEA  WATER 

?.::th  perchloric  acid  oxidation 


ABSTRACT 

A method  is  proposed  for  the  determination  of  organic  phosphorus 
\ ii'jji  water  in  which  the  organic  material  is  oxidised  with  perchloric  acid 
the  organic  phosphors  converted  to  pho6phateo  Oxidation  in  a perchloric 
aid  medium  is  superior  to  sulfuric  acid:  (a)  The  perchlorate  salts  formed 

digestion  of  sea  vmter  are  so  readily  water  soluble  in  contrast  to 
y-znisk  of  the  sulfates,  (b)  A small  blank  correction  for  impurities  needs 

•->  applied 8 Arsenic  is  prevented  from  interfering  by  volatilization  of  the 

/ 

r sonic  chloride  formed  by  heating  the  camples  with  concentrated  hydrochloric 
rido  Total  phosphoru^  is  determined  colorimotri colly  and  the  organic  phos- 
: virus  crlculatcd  by  deducting  the  inorganic  phosphorus o Preliminary 
xgostion  with  nitric  acid  is  desirable  before  digesting  samples  of  high 
r/’unie  content  with  perchloric  acid0 
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IBB  TOUH m. ieiok  :qe_  organic  phosphorus  in  sea  WATER  M 
. mj  Bgg  acid  oxidation*  . 


IMppEIiaH 

The  occurrence  and  distribution  of  phosphorus  in  its  various  forms 
in  the  sea  is  of  Interest  in  connection  with  the  productivity  of  the  eea0 
Phosphorus  occurs  in  the  bog  au  inorganic  phosphate  and  go  organic  phosphorus 
prosont  in  soluble  orgario  forms  and  particulate  matter*  Inorganic  phosphate 
is  conveniently'  detormir.od  by. a colorimetric  methodl,  (Roblnaqn  and  Thompson, 
1948/  booster  and  Rakos’traw,  1951)  and  a considerable  fund  of  information  has 
boon  collected  regarding,  Its  distribution  oQh  the  other  hand  Utile  informs- 
tion  is  s valla ble  oh  the  occurrence  and  distribution  of  organic  phosphorus 
because  of  the  difficulty  that  has  been  experienced  in  its  d3torndnatlonv, 

Organic  phosphoriife  a a particulate  matter  hao  boon  determined  by 
separation  of  the  particulate  matter , oxidation  in  acid  solution  and  ontlnuition 
by  the  oolorimotrlc  method  for  inorganic  phosphate  (Redfiold,  Smith  end 
Ketchum,  1937) * Just  what  la  retained  as  particulate  matter  depends  upon  the 
method  of  separation  and  of  washing*  Knowledge  of  th©  particulate  orga ale 
phosphorus  content  gives  incomplete  information  regarding  the  organic  phos- 
phorus con|ont  of  tho  ^00,  unless  the  soluble  organic  phosphorus  content  is 
nlao- known* 


* This  work  tmo  portly  supported  by  the  Office  of  Naval  Ronor.rch  under  Contract 
No*  N8onr *320/111  with  tho  Uhiversity  of  V&shington> 


J/iOst  • r »'t j y tl>c;  total  organic  j'oo.rrh.irust  cc'/tert t w5 , iet  t nclnu'.'S 
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rhociiior’iSj  5,-  •.ul.r.ined  by  detorr.irilnr' 


t*o* :* • : phosphorus;  •ud  suhtrncti-.n  inorganic  rhnsfi»>.t.u»  Total  rhosphorua  is 
duv.^r.Ti:‘.ii.'c'  by  cc2  crime  to  ic  e.;i. i.-ii  c.! .»?  Cter  ' oi d c:-;S  nation  r>f  the  organic 
phovjhoru?  to  phoophs to  A.  nus-uvr  of  procedures  reive  \m>!  reported  in  which 

oxidation  oi’  the.  orstenif  , iv;j;horu.->  Vf  been,  c:\dr  in  sulfuric  ocict  solution, 
Kuepr.  and  Oc:»di  x (1933)  oxidized  «5.t4*  3 '/o  hvdrcpen  ;«rc  ni.de , Kalle  (1933) 

T.i:  possk  sins.  percultv*  a , and  Cooper  (1934)  -fi  th  X<  "/(>  hydrogen  peroxides 
Tho.sC-  roe'cho' c failed  \c.  account  for  the  oxidation  of  arseuite  to  erne  nets  and 
i feuVsoc.ucnt  entircstic n along  with  nteospbata  by  the  colorimetric  method. 
Failure  Sc  correct  for  ir  senate  introduces  consider?  bla  error  since  arsenic 
occurs  in  tne  see  to  oht  extent  of  0,2  to  0,5  pg  atom  per  liter,  mostly  as 
arsenite  (Oorgy,  Rskestiav.  and  Lutz,  1948)  and  the  or  garde  phosphorus  content 
ii>  only  about  0,5  to  0*(  jig  atom  rev  liter,  Kalla  (1935)  attempted  to  prevent 
tho  interference  offers?  nete  by  reducing  it  to  arsonite  with  thiourea  a Cooper 
(1937).  however,  woe  uncble  to  reduce  arsenate  in  sea  rater  using  Kalle’s 
method.  Red  field..  Smith  and  Ketchura  (1937)  digested  sea  water  samples  with 
hydrogen  psroxide  in  sujfuric  tscid  solution  and  reduced  the  arsenate  by  heating 
with  sodium  bisulfite  fer  a period  of  eight  hours.  Harvey  (1948)  described 
another  modification  in  which  nhe  samples  were  heated  in  the  autoclave  at  130 °C, 
in  sulfuric  acid  solution  with  sodium  sulfite  to  reduce  arsenate* 

Extensive  investigation  of  various  procedures  for  the  determination 
oi  total  phosphorus  by  Robinson  and  co workers  (JasGeph,  1932;  Soldo,  1940)  have 
indicated  several  inherent  disadvantages  in  methods  using  sulfuric  acid  for  the 
digestion  of  the  samples.  It  If  difficult  to  obtain  sulfuric  acid  that  is 
sufficiently  froe  of  interfering  impurities.  Anhydrous  sulfate  salts  of 
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sodium,  calcium,  )tc,>  serorat  1 on  digestion  and  redlssolve  In  dlcti.lled  water 
wiXr.  difficulty.  Smell  ercii  '.solved  on  It  nuclei  often  remain  and  cause  exces- 
si v«;  color  development  ft’  th  ; colloidal  phoephomolybdete  blue  reduction  complex „ 

i re.lj.irJ.nury  'crl  o ? Soibo  and  Robinson  (Selbo,  1940)  indicated  tbit 
crJ.dc tion  of  organic  mnl  ter  In  iva  water  could  be  effected  by  perchloric  acid. 
Use  of  perchloric  acid  ivsul  ;r  in  a number  of  advantages:  (a)  'Che  interfer- 

ing impurities  present  Jn  i«  'chloric  acid  are  of  small1,  magnitude,  (b)  The 
organic  matter  is  cpd*>.3y  c«  .dized  by  the  perchloric  acid,  (c.)  Salts  , very 
soluble  in  water,  arc  otteimd  upon  digestion  of  the  cample t A more  complete 
c:  :ei  mins  tion  of  the  me  the  d ha*.  been  made  by  Hanson  and  Robinson  (Hanson,  1950 ) 
and  is  reported  in  this  psje.'i  Recently,  application  of  the  perchloric  acid 
method  for  lake  v.atera  l Robinson,  1941)  has  been  mode  to  sea  wo  tor  analysis 
by  Rochford  (1951) - 

THE  PROPOSED  NETHQD 
Hoc  ce nt-;  and  .Standard  Solutions 

All  chemicals  used  in  this  investigation  were  of  analytical  grade-. 
Sulfuric  Acid:  36  Norms  1,  arsenic-froe  acid* 

Perchloric  Acid:  60  °/c  cr  'T2  °/o  acide 

Hydrochloric  Acid-  12  formal  acid. 

Sodium  Hydroxide : 1 Normal  oodium  hydroxide  solution,, 

Ammonium  Hydroxide • 15  Normal  ammonium  hydroxide. 

Ammonium  Molvbdste~Sulfurlc  Acid  Reagent:  Ten  g.  of  ammonium  molybdate, 

(NKA^'.'oryOj/  41^0 1 were  dissolved  in  300  ml.  of  distilled  water.  This  solution 
wen  added  to  300  ml*  of  13  N sulfuric  acid.  The  reagent  na3  kopt  in  an  amber 
gJass-atoppered  bottle  and  protected  from  light  to  prevent  photochemical  reac- 


tions frora  occurring 


Stannous  Chloride  Solution  X.  2.15  g,  of  stannous  chloride,  SnCl2»2H20,  were 
dissolved  in  20  ml,-  of  '.'.2  N hydrochloric  acid  and  diluted  to  100  ml.,  7/ith 
freshly  coiled  distilled  water..  Tho  solution  was  stored  in  an  amber  glass- 
strppored  bottle  and  a >ioco  oi  mosey  bin  added  to  counteract  air  oxidation*  1 
The  solution  was  stable  J?or  about  a naontho 

Stations  Chloride  Solut:.on  II  . Five  ml,  of  Solution  I were  diluted  to  25  ml. 
with  freshly  boiled  distilled  water,  A small  piece  of  mossy  tin  was  added  to 
stabilize  the  solution.  The  solution  was  prepared  fresh  each  dayc 
Standard  Phosphate  Solution  I,  0,340  g.  of  anhydrous  potassium  dihydrogen 
pnosphato,  ICHolO^,  was  dissolved  in  distilled  water  and  made  up  to  1 liter.  The 
addition  of  0,2  ml.  of  chloroform  retarded  possible  bacterial  action.  One  ml. 
of  this  solution  contained  2,50  ,ug  atoms  of  phosphate-phosphorus. 

Standard . Phosphate  Solution.  Ha  fpr_Inorgsn.ic^Qg_ph^e,,_  Ten  ml.  of  Standard 
Solution  I were  diluted  to  1 liter  with  e sodium  chloride  solution  having  a 
chlorinity  similer  to  that  of  the  sea  water  being  tested.  The  addition  of  0.2 
ml,  of  chloroform  retarded  bacterial  action.  One  ml.  of  this  solution  con- 
tained 0.0250  jug  atom  phosphate-pnospharu30 

Standard  Phosphate  Solution  Ilbfor  Inorganic  Phosphate.  Forty  ml.  of  Standard 
Solution  I were  dilute<^to  1 liter  by  means  of  the  sodium  chloride  solution  and 
0.2  ml>  of  chloroform  wus  added.  One  ml,  of  this  solution  contained  0.100  yig 
atom  of  phosphate-phosphorus. 

gtaMatad„i^o_sjph^tejSolu^.lpns_IIe  and  lib  for  Organic  Phosphorus,  Because  no 
salt-effect  correction  :'.s  necessary  for  samples  digested  with  perchloric  acid, 
these  standards  were  prepared  in  tho  way  as  Standard  Phosphate  Solutions 
Ila  and  lib  for  inorganic  phosphate,  except  that  they  were  diluted  with  distilled 
water  rather  than  with  aodium  chloride.  The  phosphate-phosphorus  concentrations 
of  the  standards  remained  the  came  in  both  cases. 

-4” 
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The  coloi-rso.tr j c < sfcimationr.  mvo  rac. c'*i  fu-  the-  most  .povt  ;ith  - 
Model  AC  Fisher  Sloe  trophoienctor  unin?  filler  A,  >f  6.A  5 •y> ' averse0  V’.av'x.o:-  p a 
and  glare  colic  with  optical  paths  of  5 cm.  Mcc  of  the  eotinv.ticnc  were  ;*:?c'.c 
with  the  Electric  Eye  I'hotorctor  developed  by  Ford  ( 19 TO ) 

Analytical  Procedure:; 

.Inorganic  Fhoarhnto  - One -he.  If  ml*  of  ammonium  nclyMctc  reagent  .md  0 -./TO  :il 
of  Stannous  Solution  II  rare  thoroughly  taxed  with  a 50  ml*  cea  w:-tor  snnplo 
as  aeon  after  collection  cc  possible*  After  : even  minutes  tine  fc.'  color 
development,  the  resulting  color  nos  measured  in  t ie  Elucirophctoxetcr  uning 
distilled  water  an  the  reference  solution.  The  phisphato  value  wrn  obtained 
from  e calibration  curve  prepared  with  standard  phssphxto  solutions ^ 

Total  Phosvhorup,  Fifty  bI.  camplos  of  sea  water  sere  treated  with  3 ml,  cf 
60  G/o  perchloric  acid  in  a 125  ml*  Erlenmeyor  flask*  This  volume  of  poi’chlc.'.*: 
acic  Tina  equivalent  to  the  salts  of  a typical  sea  water  cample  with  e salinity 
of  30  8/oc  plus  an  excess  of  0*2  ml.  for  oxidation  purpesas.  After  evepcrutic 
on  a hot  plate  to  fames  of  porchloric  acid,  g cover  glass  was  placed  on  who 
flask  and  the  sample  woe  hooted  for  about  5 minutes  just  below  the  fv.xri.rig  tars** 
peraturc  of  perchloric  acid*  In  order  to  drive  off  the  arsenic  present,  3 ml- 
of  12  N hydrochloric  ^cid  were  added  and  rapidly  fumed  off.  After  cooling, 

30  ml.  of  distilled  water  were  added  to  dissolve  the  salts.  The  excess 
acid  was  neutralized  with  a normal  sodium  hydroxide  solution  using  phenol- 

phthalein  as  the  indicator. Dilute  perchloric  acid  was  added  drop  by  drop 

until  the  solution  was  slightly  acidic. The  solution  was  diluted  to  ?0  ml. 
and  mixed  thoroughly  with  0*50  ml.  of  ammonium  molybdate  solution  and  0.20 
ml.  of  Stannous  Chloride  Solution'll.  After. maximum  color  development, 

-5-  .. 


-t 


Availabl 


te  Copy 


the  ccOor  w.i3  estimated  in  the  Elec  trophotomr.  ter  using  distilled  water  aa 
the  reference  solution.  The  phosphate  value  was  obtained  from  a calibra- 
tion curve  prepared  with  standard  phosphate  solutions. 

Blank  solutions  were  prepared  by  treating  a sodium  chloride  solu- 
tion of  the  same  chlorir.ity  as  sea  water,  with  perchloric  acid  in  the  manner 
just  described. 

Notes  on  tha  Procedures.  It  has  been  frequently  noted  (lundell  and  Hoffman, 
l?nE>)  that  under  certain  conditions  perchloric  acid  reacts  violently  with 
organic  material.  Initial  oxidation  by  nitric  acid  before  the  addition  of 
perchloric  acid  eliminates  thi3  hazard  by  oxidizing  the  more  easily  oxi- 
dizablo  material.  The  enount  of  organic  material  in  a typical  sea  water 
stsitp le  is  relatively  urasll  and  presents  no  hazard  whon  being  oxidized  by 
perchloric  acidjfcut  :Lf  samples  of  abnormally  high  organic  content  such  as 
plankton  or  mud  are  being  analyzed, it  is  advisable  to  digest  with  a small 
amount  of  nitric  acid  previous  to  the  perchloric  acid  oxidation.  Water 
samples  from  East  Sound,  San  Juan  Islands,  containing  as  high  as  2 ;ig  atoms 
of  organic  phosphorus  per  liter  were  digested  directly  with  perchloric  acid 
with  no  trouble.  Howover,  plankton  samples  obtained  by  filtration  were 
treated  first  with  small  portions  of  nitric  acid  as  a precaution  and  the 
o:idation  with  perchloric  acid  always  proceeded  without  violence.  It  should 
be  omphaoized  that,  before  using  perchloric  acid,  one  should  be  familiar 
with  its  hazards  and  the  precautions  to  be  followed  to  insure  its  safe  use 

✓ . r>  
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INVESTIGATION  OF  THE  METNOD  OF  AHAITSIS 
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The  method,  Jast  described,  vee  tried  on  known  amounts  of  sodium 
glycerophosphate  in  a sodium  chloride  solution,  Cl  a 17  °/oo.  A satisfac- 
tory recovery  of  the  phosphoruses*  obtained. 

The  organic  phosphorus  content  of  a sea  water  sample  was  deter- 
mined by  the  perchloric  and  the  sulfuric  aoid-hydi’ogen  peroxide  procedures. 
The  excess  perchloric  acid  was  neutralised  with  sodium  hydroxide  and  the  ” * 
excess  sulfurio  acid  vi;h  amoniua  hydroxide  as  in  the  procedure  of  Radfield 
et  al.  (1937).  The  romilts  are  reoorded  in  Table  1.  The  total  phosphorus 
/concentrations  in  each  cans  were  oorreoted  for  a blank. 

Tho  blank  for  the  oulfurio  acid  procedure  was  conaioerably  greater 
than  for  the  perchloric  gold  procedure.  Thus  the  more  than  3 ml.  of  con- 

t!  ' „ 

centrated  sulfuric  acid  and  6 ml.  of  ammonium  hydroxide,  used  in  the  above 
procedure,  gave  a blank  of  1,09  pg  atom  of  phosphorus  per  liter)  and  the  3 Ml. 
of  ,perohlorlo  aoid  and  several  drops  of  sodium  hydroxide  solution,  a blank 
of  0.36  jig  atom  per  liter.  Various  attempts  to  purify  the  sulfuric  aoid 
and  ammonium  hydroxide  clid  not  reduoethe  magnitude  of  the  blank. 

As  shown  in  Tible  I,  the  results  for  total  phosphorus  (and  also 
for  organl<|  phosphorus)  by  the  perohleric  sold  method  were  somewhat  larger 
than  by  the! sulf url o aol d procedure.  It  is  not  known  whether  this  is  due 


to  greater  efficiency  of  oxidation  by  the  perohloria  add,  or  due  to  orror 
arising  frcoiitbe  establishment  end  application  of  the  quite  large  blank  for 


the  sulf  uric// add  method.  However,  in  general,  it  may  be  add  that  the 


'v  .I:.?-;;/ 


result*  by  if  mthod  utilising  a largeblank  are  apt  to  suffer  in  accuracy. 


nia , organic  phosphorus  was  calculated  by  deducting  from  the  total 
phosphorus  value  the’  inorganic  phoaphata  •■which  amounted  to  JLX^8"/ig  atom  "par 
liter.  An  organic  phosphorus  content  of  0.6j)  ./ig  aton  par  liter  was  obtained 
using  tho  oulfurie  acid  .i»thdd  and  0,88  ;tg  atom  per  iitap  using  the  per5l 
chloric  acid  procedure.  Provision  for  reduction  cf  arsenate  was  not  included 
in  either  method  so  thAt  the  final  uonoentratiore  fow  .d  represented  the  sun 

" ,,  /'  o . ’ f,  t*  t 1 

of  phosphate,  arsenate  and  oxidised  arsenlto.  «4 


Time  of  Color  Development  and  Stability  of  Color 

I t wao  determined  that,  after  the  addition  of  the  reagents,  naxl 
mum  color  intensity  developed  in  3 minutes  in  distilled  wntor  or  in  soa 
water  digested  with  perchloric  aoidj  this  color  wes  Stable  for  about  8 min- 
utes before  fading  bugan.  On  tha  other  hand,  in  vndigested  sea  water  oam- 

• ....  - tt  • ' ■_!  « ■ \ 

pies,  full  color  developed  In  about’ 6 minutes  anil  wan  stable  for  27  minute c 
before  fading  began.  • 

t;  " ••••  • •’  I 

\ 

Effect  of  Perchlorate  upon'E  ,rlor  Intensity 
For  acme  time  it  has  been  known  that,  fer  n given  amount  of 

-v  ft  • 

phosphate,  los3  color  is  developed  in  the  estimation  of  phosphate  in  an 

undigested  sea  water  sample  than  in  distilled  water.  This  is  known  as  the 

salt  effect.  When  sea  water  is  digested  with  sulfuric  acid  or  perchloric 

'-'n  •»  ■ 

add,  hydrogen  chloride  is  evolved  and  ar.lto  of  silfate  or  porchlorate 

remain.  No  salt  effect  waanbtod.  Tablo  II,  when  phosphate  to  a estimated  ^ 

0 ■■  ...  - M if 

^i^ulf ate ■■  or  perchlorate  medium  and  the  color  compared'  with  that  devel- 
oped iii  distilled  water  medium.  ,■  This  is  in  aecorcanc--  with  the  explanati.cn 
of  Cooper  (1938)  that  the  salt  effect  i3  duo  to  tie  formation  of  certain 
yellow  molybdenyl  halides.  ■ 
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TABLE  I 


Determination  of  Organic  Phosphorus  in  Sea  Water 
Phosphate  Concentrations  (pg  atoir  o/L. ) 


Sulfuri c Acid 

Procedure 

Perchloric 

Acid  Procedure 

Total  P* 

Organic  P 

Total  P** 

Organic  ? 

:?.ll 

0.53 

2.36 

0.78 

1.89 

0.31 

2.1*9 

0.91 

2.08 

0.50 

2.1*7 

0.05 

2.it8 

0.90 

2.51i 

0.96 

2.36 

0.78 

2-36 

0.78 

0 . 7ii 

2.53 

0.95 

2.21  ave. 

0.63  ave. 

2.1*6  ave- 

. 0.88  ave. 

Inorganic  phosphate  concentration  1.50  ug  atom  per  liter. 


a blank  of  1.09  jig  atom  per  liter, 
a blank  of  0.36  pg  atom  per  liter. 


Best  Available  Co 


■*’  Corrected  for 
**  Corrected  for 
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TABLE  II  ' ' . \ 

. Effect  of  Various  S*lt8  on  Color  Development 


, Medium  " ' 

- Phpophtto  Concentration 

i >jg  eiom/L 

g/SO  ml. 

Added 

'?ound 

2 g.NeCl 

1,20 

1.00 

2 g.  NegSO^ 

1.20 

1.20 

" 

2.20 

2.20 

2g.N«R03 

1.60 

1.50 

2 g.  NaClOi 

\ .Aft 

i An 

Arson! to  Interference 


'ts .. 


It  is  geno rally  thought  that  arson! o in  sea  water  is  pfaaent 
mainly  as  arson! to  with  Inappreciable  amounts  of  arsenate..  However . 

Armstrong  and  H array  (1950),  ns  a result  of  experiments  which  they  have  ^ 

-•  . " " " . t . . 

performed,  suggested  that  arsenate  may  be  j^te  predominating  form.  Accord- 


inf  to  finiadse  (1935),  arsenate,  but  ^not  ^r.ieni'te  forms  a blue  reduction  v 
product  with  the  reagents  for  the  phosphate  determinatio*j|1.i»fld  thus  would 
be  estimated  along  with  phosphate.  However,  if  araenite  is  oxidized  to  t 
nreonate  in  the  oxidization  of  organic  phosphorus,  there  would  bo  interfer- 
ence in  the  estimation  of  total  phosphorus.  Experimentally,  it  was  demon- 


L 


ll-« 


pirated  by  the  .authors  thst  this  is  the  .ctso*  Table  III*  flea  water  samples 
with  added  arsenite  vcra  dlgont.ed  with  perchloric  acid  and  estimated  color! - 
me trio ally.  From  those  valuoo  was  aubtraotod  the  total  phosphorus  of  the 
sea  water,  containing  no  added  araenite.  Hi©  total  phoaohorus  value  also 
included  arsenic  present.,  in  the  soa  water  which  had  been- oxidised  to  arsen- 
ate as  well  as  phosphorus.  The  rosults  indicated  that  the  added  araenite 
had  been  obelised  though  not  quantitatively. 

fit  was  also  noted  that  araenite  causes  a blue  color  with  the 

phosphate  if  reagents  even  though  it  is  not  thought  to  form  a complex.  Figure  1 
' " ... 
shows  the  extent  of  tlie  color  development  ..bp  araenite  in  different  media. 

Almost  as  much  oolor  is  developed  by  araenite  in  distilled  water  or  la  a » 

medium  containing  the  digested  eea  water  salts  as  by  an  equivalent  amount 

of  phosphate,  while  in  chloride  medium  considerably  less  oolor  is  formed.„ 

Thus  araenite  in  sea  water  would  cause  an  error  of  comparatively  small 

magnitude,  . 


I ' . 
« ■ 
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TABLE  III 


'OjtiLdation  of  Arseni te  w^th  FerohAorlc  Acid  in  .*  S*4'«r.t«r  Medium 


Added 

2/00 


Araonite  Conoont.ration  .(pg  aboma/L. ) 

Found  ay  Arsenate 


Fumed  5 min 

Fiaed  1 ’•a 

X 0.96 

0,10  - 

\ OB 

0.10 

2. 03 

0.19 

2,00 

0.17 

■ 1-62 

0 


ARSENITE  CONCENTRATION,  pq.  atom  / L . 

Figure  1.  ARSEVITB  HTBRPERnC8  II  VARIOUS  MEDIA 

" -•  ■ : n a.  ■■  " „ ' •. 

1.  Arseni t®  in  sodiua  chloride  Ablation,  Cl  * 17  voo. 

2*  1 Arseni te  in  distilled  water  or  in  digested  sea  water,  Cl  - 17  %>o 

3 «•  Calibration  etarre  for  phosphate  in  sodiua  chloride  solution. 

Cl  * 17  %o.  - .. v - * , : .. 


CHLORINITY, 


% 


ee 


ngm  2.  arsehitb  color  ktelopkemt  win  variatio*  n chloride 

COUCKHTRATIO*. 


Tha  color  developed  by  areenito  was  found  tc  depend  upon  the 
c.doride  concentration.  This  is  demonstrated  by  tho  results  shown  in 
F frure  2.-  An  arson! te  concentration  of  12  )ig  atom  per  liter,  which  is 
t.unty  to  fifty  linos  its  probable  concentration  in  sea  water,  was  usod  to 
a .oicituate  the  effect  at  various  chloride  concentrations.  Considerably 
color  was  devolopec.  by  arsenitc  at  the  higher  chi orini tics.  Thus  in 
v-icigostod  sea  water,  aysenite  interference  can  ordinarily  be  neglected  but 
should  bo  considered  whsn  samples  containing  no  chloride  are  being  analyze;!.. 


1 


elimination  of  Arsomc  I 

— ■- — — i 

In  an  attempt  to  eliminate  interference  by  arsenic,  a reduction 
procedure  using  sulfite  was  tried.  It  was  fovind  that,  in  a sea  water  sam- 
ple digested  with  perchloric  acid,  arsenate  was  apparently  reduced  to  \ 

- s 

arsenito  after  heating  for  1 hour  at  90°C.  in  the  presence  of  0- ii  g.  of 
sodium  bisulfite.  The  irethod  va3  not  satisfactory,  however,  as  the  results 
were  erratic. 

In  order  to  completely  eliminate  all  forms  of  arsenic,  a volatili- 
st.ticn  procedure  was  developed.  After  digestion  for  5 minutes  with  per- 
chloric acid,  3 ml,  of  concentrated  hydrochloric  acid  were  added  to  the 
digested  sen  water  samples  and  rapidly  fumed  off.  This  procedure  was  found 
to  be  effective  when  tried  with  samples  to  which  known  amounts  of  arsenite 
had  boon  added.  The  arsenic  was  probably  driven  off  in  the  form  of  arsenic 
trichloride.  I 
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Apj ’.lysis  of  Sea  Water  Samples 


The  value;!  given  in  Table  IV  were  obtained  when  sea  water  sam- 
ples collected  in  Dnbob  Bay  were  analyzed  by  the  recommended  procedure » 

Tho  inorganic  phosphate*  concentration  increased  with  depth  as  is  usually 
the  case  with  stratified  waters.  The  organic  phosphorus  values  showed  no 
definite  correlation  with  depth.  The  results  in  Table  IV  are  given  to 
illustrate  the  applicability  of  the  method.,  and  not  the  occurrence  and  dis- 
tribution of  organic  phosphorus  in  sea  vater  which  will  be  discussed  more 
fully  in  a later  paper. 


TABLE  IV 


Determination  of  Organic  Phosphorus  ir.  Sea  Water 


Depth 

meters 

Temp. 

°C. 

Salinity 

°/oo 

Phospho: us, 
Inorgaric 

pg  atoras/L 
Organic 

S 

18.63 

25.  L6 

0.66 

0.36 

20 

8.96 

29.07 

2.00 

0.36 

So 

8.I16 

29.51 

2.19 

0.57 

IS 

8.06 

x 29.60 

2.19 

0.59 

100 

29.72 

2.50 

0.32 

iko 

7.5! 

29.97 

2.7b 

0.b8 

175 

7.1*9 

30.10 

3.07 

0.b5 

Location t 

Dabob  Bay, 

Puget  Sound, 

Lat.  b8°  b5.0»N, 

Long.  122°  L9.7’] 

Timet  20  July  1950 


Tidet 


Ebb 


SIMM#  Iff  AND  CONCLUSIONS 


Organic  phosphoru3  in  sea  wator  has  been  determined  after  oxidation 
of  the  organic  material  with  porchloric  acid.  With  samples  of  high 
organic  content, preliminary  digestion  with  nitric  acid  should  precede 
the  perchloric  acid  digostion. 

Perchloric  acid  is  superior  to  sulfuric  acid  a3  a digestion  medium; 
its  salts  ru*e  more  readily  wator  soluble  and  i ts  blank  smaller » 

Neither  perchlorate  nor  sulfate  give  a salt  ei'foct  in  the  colorimetric 
determination  of  phosphate. 

/ 

In  tho  colorimetric  determination  cf  phosphate,  the  spend  of  color 
development  in  a modi  urn  containing  perchlorate  is  the  same  as  in  dis- 
tilled wator,  both  of  which  hr.vo  faster  rates  of  development  than  a 
medium  containing  chloride. 

Ar3Gn±te  in  a chloride  medium  yields  but  a slight  eoler  intensity  with 
the  phosphate  reagents;  in  a distilled  water  medium,  its  color  inten- 
sity is  almost  equal  that  of  an  equivalent  amount  of  phosphate., 

Arsenic  can  bo  prevented  from  interfering  in  the  determination  of 
organic  phosphorus  by  treatment  of  tho  samples  vdth  concentrated 
hydro chDo-H p «eid  and  volatilization  of  the  arsenic. 
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